Abstract
The organizational effect of prenatal testosterone upon gender role identity and mental 22 toughness in female athletes 23 24 There have been research developments around individual differences in biological 25 markers of hormonal development. There are several sources of evidence to suggest that the 26 2D4D ratio is an indicator of fetal sex hormones such as testosterone and oestrogen. The 2D4D 27 ratio is a putative marker of prenatal testosterone exposure that has been utilized as an important However, it should be noted that specific direct evidence in terms of the short finger bones is Research has also sought to identify the underpinning psychological variables that may 69 explain this athletic bias. For example, Golby and Meggs (2011) showed that those with lower 70 2D4D reported higher levels of optimism, task and ego goal orientations and mental toughness.
71
Mental toughness is thought to be a collection of cognitive, affective and behavioural 72 characteristics (a psychological resource) that allow an individual to manage the stressors of 73 competition and perform well (Gucciardi, Gordon & Dimmock, 2008 found that males scored higher on the masculinity subscale and females on the femininity 110 subscale. However, no significant relationships were identified between female 2D4D and BSRI 111 scores, whereas it was found that males with low 2D4D self-reported lower scores on the 112 femininity subscale.
113
There remains a dearth of research of female participants when examining 2D4D and 114 psychological traits, therefore a female sample of athletes were chosen in this study. Moreover,
115
the current study includes a sport-specific sample as mental toughness could be partially context 116 specific (Crust, 2007; Gucciardi, 2017) . More specifically, netball players have likely been 117 exposed to playing their sport from a young age in secondary education and therefore provided 118 an opportunity to study women who have been socialized in a sporting context. First, this study subscales in a female sport sample. Second, this study aimed to explore the differences between 129 2D4D, mental toughness and gender role identity. In line with previous research, the second 130 hypothesis predicts that those with low 2D4D would report significantly higher levels of mental 131 toughness, lower levels of femininity and higher levels of masculinity than those with high 132 2D4D . Third, the study aimed to explore the differences in mental 133 toughness and gender role identity between netball players of different competitive standards.
134
The third hypothesis anticipated that netballers competing at the higher levels of achievement 135 will demonstrate lower 2D4D ratio, higher mental toughness levels and masculinity and lower 136 femininity.
137

Method
138
Design
139
The study employed a cross-sectional, descriptive research design. The between subject 140 factors were competition standard with two levels: recreational and regional/national level and Digit ratio measure. A portable flat-bed scanner was connected to a laptop to take scans 183 of the participant's right hands. The 2D4D ratio was created using the digit ratios which were 184 measured using Vernier calipers; accurate to .01mm (Manning, et. al., 1998) . 
206
The additional assumptions for MANOVA including multivariate outliers, absence of 207 multicollinearity and equality of covariance were also checked. The inter-rater reliability (the 208 relationship between the measurements taken by two independent researchers) of the right hand 209 2D4D ratio was high (r = .98). Digit ratio was categorized into high (> .98) and low (< .98) 210 groups utilizing a median-split as such an approach was used by .
211
For the second and third hypothesis, a two-way between subjects MANOVA was 212 conducted to explore the differences in mental toughness and masculinity and femininity 
Results
220
The retrospective power analysis using small, medium and large effect sizes revealed 221 statistical power estimates of .19, .77 and .99 respectively. Therefore, only medium and large 222 effect sizes will be interpreted in the current study.
223
Descriptive statistics for the overall sample (Table 1) 
238
A large multivariate main effect for right hand digit ratio was shown, F (8,105) = 7.57, p < .001;
239
Wilks Λ = 0.63, partial η = .37, power = 1.0. There were significant differences in all variables 240 between those who have low and high digit ratio ratings (see Table 2 ). The large effect sizes Tables 1 & 2 for the descriptive statistics   252   and Table 3 for inferential statistics). 
286
The second aim of this study was to identify the differences between high and low 287 2D4D,in both mental toughness and gender role identity. The second hypothesis predicted that 288 those with low 2D4D would report significantly higher levels of mental toughness, lower levels 289 of femininity and higher levels of masculinity than those with high 2D4D. As expected, a low 290 2D4D right hand digit ratio was typical of those with higher levels of emotional control, life encourage these individuals to expose themselves to situations that develop mental toughness (sporting situations) more often than females with higher digit ratios. Indeed, the difference in 318 masculinity between high and low digit ratio had a large effect size, compared to no effect for 319 femininity in the predicted direction. These findings contrast with previous studies for various shown inconsistent results, which may be due to between population differences across studies.
326
In particular, as the current study used a sporting sample it would be expected that individuals
327
with lower digit ratios would show higher mental toughness, compared to a non-sporting sample.
328
The third hypothesis was that netballers at the competitive level would demonstrate 329 lower 2D4D ratios, higher mental toughness and masculinity and lower femininity compared to 330 recreational players. This hypothesis was not fully supported, although masculinity was only a 331 small effect and only the challenge variable showed a medium effect size. Counter intuitively,
332
those netballers who were currently playing in competitive regional or national leagues self-
333
reported slightly lower levels of challenge over those who were competing at a recreational level.
334
The precise reasons for this can only be speculated, it could be that specialization of the higher 335 level netballers may weaken intrinsic motivation which could manifest in variable challenge 336 perceptions of competition (Russell, Dodd & Lee, 2017 
